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Abstract 
2H phase (trigonal prismatic D3h) of layered two-dimensional (2D) transition metal dichalcogenides (TMDs) have attracted 
a lot of interests due to the superior electronic and optoelectronic properties. However, flexible electronic devices and 
thermoelectric performances based on 2H phase have been potentially limited by the strain sensitive electronic band gap and 
high lattice thermal conductivity (𝜅𝜅𝐿𝐿 ). Here, we predict and calculate two 1T (octahedral Oh) phase monolayer telluride 
materials SnTe2 and SiTe2 with soft mechanics, ultralow 𝜅𝜅𝐿𝐿  and electronic properties. The calculated in-plane Young's 
modulus of monolayer SnTe2 is softer than most of 1T-MX2 compounds. Furthermore, monolayer SiTe2 and SnTe2 also have 
relatively flexible electronic properties under large biaxial strain, indicating potential flexible electrode materials. Meanwhile, 
monolayer SiTe2 and SnTe2 both exhibit ultralow 𝜅𝜅𝐿𝐿 (2.27 W/mK of SiTe2 and 1.62 W/mK of SnTe2) at room temperature. 
Considering both acoustic and polar optical phonon scattering of the electronic relaxation time, the figure of merit (ZT) can 
achieve 0.46 at 600 K and 0.71 at 900 K for monolayer SiTe2 and SnTe2 respectively. 
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1. Introduction 
Recently, transitional metal dichalcogenides (TMDs) have attracted a lot of interests due to the wide range of applications 
in nanoelectronics [1], optoelectronics[2][3], photovoltaics and photodetection [4]. Generally, 2D TMDs have two stable phases 
that are honeycomb (H) and central honeycomb (T) configurations. Besides, another phase 1T' with lower symmetry, which is 
a distorted version of 1T structure [5]. At normal condition, 2H phase is more stable than 1T and 1T' and shows superior 
properties. For example, the well-known monolayer 2D MoS2 of 2H structure is a direct band gap semiconductor, but 1T 
counterpart is a metal instead. However, Metallic 1T MoS2 has been confirmed as a superior supercapacitor electrode material 
[6]. Furthermore, a series of 1T-type 2D TMDs have also been reported to have in-plane negative Poisson's ratio due to the 
strong coupling between different electronic orbits [7]. Even though 1T phase is less stable than 2H, 1T TMDs have been 
experimentally synthesized [8][9] and have many exotic novel properties [1][7][10]. 
In 2012, around 44 different combinations of MX2 compounds, including 1T and 2H phases monolayer transition metal 
oxides and dichalcogenides have been predicted by Ataca et al [11]. In all these MX2, element M comes from Group IIIB to 
VIIIB (like Sc, Ti, V, Cr, Mn, Fe, Co, Ni) and X from group VIA (including S, Se and Te). Hence, it is interesting to explore 
other stable 1T MX2 with novel properties. Here, we consider the group IVA element M and group VIA element X forming 
novel 1T-type MX2 monolayer 2D materials. Within this combination, Yu et al successfully exfoliated monolayer 1T phase 
SnSe2 via mechanical exfoliation [8], which has a high ZT of 0.94 at 600 K [10]. What's more, 1T-SnS2 is also utilized in high-
performance top-gated field-effect transistors (FETs) and related logic gates [9]. Recently, atomically thin 2D tellurium has 
been reported to have ultralow 𝜅𝜅𝐿𝐿 of 2.16 W/mK [12] and has been synthesized with superior electronic mobility [13][14]. In 
this sense, monolayer telluride materials would be potential thermoelectric materials with high ZT. 
A silicon based layered nanostructures of silicon telluride Si2Te3 have been synthesized successfully [15]. After that, bulk 
material SiTe2 has also been found via quantum-chemical techniques [16] and the electronic properties of monolayer SiTe2 
have been studied [17]. In this paper, we would like explore to some new 1T phase telluride materials with many excellent 
mechanical and thermoelectric properties. Good thermoelectric materials can directly convert waste heat into electrical energy 
with high efficiency, which is crucial for the sustainable development under energy crisis and global warming. An optimal 
thermoelectric material needs to balance a variety of conflicting parameters, which is expressed as ZT = 𝜎𝜎𝑆𝑆2 (𝜅𝜅𝑒𝑒 + 𝜅𝜅𝐿𝐿)⁄ . To 
maximize ZT of material, a larger Seebeck coefficient (S), high electronic conductivity (σ), low electronic thermal conductivity 
(𝜅𝜅𝑒𝑒) and 𝜅𝜅𝐿𝐿 are acquired simultaneously [18][19]. In this work, we explore the electronic, mechanical and thermoelectric 
properties of monolayer 1T phase SiTe2 and SnTe2. We found that at room temperature, monolayer SiTe2 and SnTe2 have 
ultralow 𝜅𝜅𝐿𝐿 of 2.27 W/mK and 1.62 W/mK respectively. The value of monolayer SnTe2 is smaller than atomically thin 2D 
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tellurium (2.16 W/mK) [12]. They also have relatively stable electronic band structures and density of states (DOS) under 
biaxial strain, indicating potential flexible electrode materials. Furthermore, we also obtained the maximum ZT of 0.46 for 
monolayer SiTe2 at 600 K and of 0.71 for monolayer SnTe2 at 900 K by considering the scattering between acoustic phonons 
and polar optical phonons. 
 
2. Computational details 
All of our calculations of monolayer 1T-XTe2 (X=Si, Sn) are performed using the density functional theory (DFT), as 
implemented in the Vienna Ab initio Simulation Package (VASP) [20][21] within the projector augmented wave (PAW) 
[22][23] method. Perdew-Burke-Ernzerhof (PBE) [24] is used as pseudopotential with the generalized gradient approximations 
(GGA) for exchange correlation functional. 500 eV kinetic energy cut-off for the plane-wave basis set are adopted in 
computations. The structures convergence criterion is selected as 10-10 eV for ions and electrons. They are optimized that until 
a maximum Hellmann-Feynman force on each atom is less than 0.001 eV/Å. In addition, the Monkhorst-Pack k-point grid of 
15×15×1 is used with the Γ symmetry to sample the Brillouin zone. A 30 Å vacuum space is applied to the out-of-direction in 
order to avoid the interactions between adjacent layers. The phonon dispersion curves of monolayer 1T-XTe2 (X= Si, Sn) 
structures are all calculated using the density functional perturbation theory (DFPT), as implemented in the PHONOPY package 
[25] interfaced with VASP [20][21]. The lattice thermal conductivity is obtained utilizing the Boltzmann transport equation, as 
implemented in the shengBTE codes [26][27]. We calculate the second and third anharmonic force constants via using a 6×6×1 
supercell, considering the third nearest neighbors. The electronic transport properties are calculated via using Boltzmann 
transport theory and relaxation time approximation (RTA), as implemented in the BoltzTraP codes [28] based on the electronic 
band structures. 
 
3. Results and discussion 
3.1 Structure optimization and stability 
We calculated two 1T phase monolayer telluride XTe2 (X = Si, Sn) which belong to the space group p3�𝑚𝑚1 (NO.164), as 
shown in Fig 1. From the top view, the optimized structure can be regarded as a superposition of central atom and honeycomb 
structure of TMDs. It can also be viewed that the positive single-layer hexagonal lattice of X atom is sandwiched between two 
negatively charged Te atoms in the side view [11]. As we know, the lattice constant of bulk SiTe2 in the experiment is a = b = 
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7.43 Å, c = 13.48 Å within the trigonal space group p3�𝑐𝑐1 (NO. 163) [16]. Monolayer SiTe2 have been studied recently [17]. 
But 3D and 2D material of SnTe2 have not been caught much attention yet. The optimized structure in Table 1 show that the 
lattice constant of primitive cell of monolayer SiTe2 and SnTe2 are a = b = 3.78 Å and a = b = 4.10 Å respectively. Meanwhile, 
the bond length between X atom and Te atom of XTe2 (X = Si, Sn) are 2.73 Å and 2.99 Å. The bond angle of them are 87.52° 
and 86.82°, respectively.  
The intrinsic thickness of structures is exhibited outside the parentheses in Table 1. Values in the parentheses are the effective 
thickness, considering the van der Waal (vdW) radius of elements [33][34]. Here, the intrinsic thickness of both phases are 3.29 
Å and 3.63 Å by structure optimization. The last column Ec is the cohesive energy in the unit cell. The values are calculated 
using the formula 𝐸𝐸𝑐𝑐 = [𝐸𝐸(𝑋𝑋) + 2𝐸𝐸(𝑇𝑇𝑇𝑇) − 𝐸𝐸(𝑋𝑋𝑇𝑇𝑇𝑇2)] [29][30]. In which E(XTe2), E(X) and E(Te) are the total energy of 
XTe2 and the total energies of free X and Te atoms respectively. The cohesive energy of monolayer SiTe2 is 15.24 eV and 
monolayer SnTe2 is 13.83 eV. These values are comparable to the other stable 1T phase telluride materials such as VTe2, MnTe2, 
NiTe2 and NbTe2 with 14.24 eV, 12.27 eV, 13.19 eV and 16.38 eV respectively [11]. These high cohesive energies reflect good 
thermal stability of our monolayer 1T XTe2. 
The Fig. 2 show the phonon spectra along the high symmetry points Γ-M-K-Γ in the Brillouin Zone (BZ) and DOS of 
monolayer XTe2. There are nine phonon modes in total, including three acoustic phonon modes (colour lines) and six optical 
phonon modes (blue lines) due to three atoms in the primitive cell. They are all free of imaginary frequencies in the phonon 
spectra in Fig. 2(a) and Fig. 2(c), indicating dynamical stability of our XTe2. 
 
3.2 Soft mechanical properties 
We calculated the mechanical properties of monolayer SiTe2 and SnTe2, such as the elastic modulus tensor Cij, the Young's 
modulus (in-plane stiffness) and Poisson's ratios. We use the Hooke's law plane-stress condition to calculate the elastic constants 
and moduli of our 2D materials [31][32]. The formula of Young's modulus and Poisson's ratio can be expressed as: [32][33] 
𝐸𝐸𝑥𝑥 = 𝐶𝐶11𝐶𝐶22 − 𝐶𝐶12𝐶𝐶21𝐶𝐶22 ,𝐸𝐸𝑦𝑦 = 𝐶𝐶11𝐶𝐶22 − 𝐶𝐶12𝐶𝐶21𝐶𝐶11  (1) 
𝜐𝜐𝑥𝑥𝑦𝑦 = 𝐶𝐶21𝐶𝐶22 , 𝜐𝜐𝑦𝑦𝑥𝑥 = 𝐶𝐶12𝐶𝐶11   (2) 
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The results are shown in Table 2. As the 3D systems can be directly calculated by first-principles theory, but the 2D has to 
be utilized by the vdW effective thickness of structures in Table 1. They are 7.77 Å and 8.11 Å for monolayer SiTe2 and SnTe2 
respectively. In addition, we show the in-plane Young's modulus 𝐸𝐸𝑥𝑥 (or 𝐸𝐸𝑦𝑦) and Poisson's ratio 𝜐𝜐𝑥𝑥𝑦𝑦 (or 𝜐𝜐𝑦𝑦𝑥𝑥) in the x (or y) 
direction, comparing with other 1T-type telluride materials. In terms of Young's modulus, monolayer TcTe2 is the softest in all 
42 1T-MX2 compounds by Yu et al. work. The value is 34 N/m [7], but monolayer SiTe2 and SnTe2 are lower than monolayer 
TcTe2 with 21.16 N/m and 16.80 N/m respectively. To the best of our knowledge, they are the softest 1T phase stable monolayer 
materials. These soft mechanical properties indicate that our 2D XTe2 materials may have potential in flexible mechanics and 
electronics. Moreover, we find that monolayer SiTe2, SnTe2 have the positive in-plane Poisson's ratio, the same as monolayer 
TcTe2 [7]. 
 
3.3 Lattice thermal conductivity 
As we know, a finite lattice thermal conductivity (𝜅𝜅𝐿𝐿) is an outcome of the phonon-phonon scattering [35][36]. Our calculated 
𝜅𝜅𝐿𝐿 of monolayer SiTe2 and SnTe2 are 2.27 W/mK and 1.62 W/mK at room temperature, which are quite smaller than monolayer 
SnS2 (6.41 W/mK), SnSe2 (3.82 W/mK) [1] and SnSe2 (3.27 W/mK) [10]. 
Compared to the monolayer SnSe2, we can illustrate the differences in the following several aspects. Firstly, the studies of 
Shafique et al. show that the maximum frequency of vibration is 249.36 cm-1 for monolayer SnSe2 [1]. Meanwhile, there are 
305.50 cm-1 in monolayer SiTe2 and 162.4 cm-1 in monolayer SnTe2. Moreover, the maximum frequency of acoustic phonon 
modes is about 114.99 cm-1 of monolayer SnSe2 [1][10]. Monolayer SiTe2 and SnTe2 are about 99.40 cm-1 and 79.53 cm-1 in 
terms of the maximum frequency of acoustic phonon modes. The lower frequency of acoustic phonon modes in monolayer 
SiTe2 and SnTe2 illustrate that the group velocity of acoustic of them are lower than monolayer SnSe2, indicating ultralow 𝜅𝜅𝐿𝐿 
[10]. Secondly, the phonon group velocity of each mode is given by 𝜈𝜈𝑘𝑘 = 𝜕𝜕𝜔𝜔𝑘𝑘(𝑞𝑞)𝜕𝜕𝑞𝑞 , where ω, k, q represent the vibrational 
frequency, the vibrational mode index and the wave vector respectively [1]. Therefore, we can know that the slope of acoustic 
phonon modes represents the magnitude of the group velocity approximatively. The acoustic phonon modes of monolayer SiTe2 
and SnTe2 are more flat than monolayer SnSe2 from their phonon spectrum and the slope of them are smaller than monolayer 
SnSe2 [10]. Lastly, the relative atomic mass of the element Te is heavier than that of Se, which will enhance the phonon 
scattering, and further decrease 𝜅𝜅𝐿𝐿. Similarly, we also know that 1T' phase monolayer MoTe2 and WTe2 have lower 𝜅𝜅𝐿𝐿 with 
1.6 W/mK and 1.06 W/mK at room temperature separately [37]. The important reason is associated with heavy atomic mass 
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element of Te. It is also demonstrated that monolayer Te have unusually low 𝜅𝜅𝐿𝐿 because of the weak phonon vibrations and 
interatomic bonding [12]. As a result, those reasons explain that 𝜅𝜅𝐿𝐿 of monolayer SiTe2 and SnTe2 are lower than monolayer 
SnSe2. 
In Fig. 3(a), temperature dependence of 𝜅𝜅𝐿𝐿 for monolayer SiTe2 and SnTe2 are shown from 300 K to 900 K. The dashed 
lines show the results of fitting curves of 1/T. It is a good agreement with our calculations when Umklapp process of phonon 
scattering is dominant the thermal resistivity at a higher temperature. These two structures have ultralow 𝜅𝜅𝐿𝐿 at 300K, 2.27 
W/mK for monolayer SiTe2 and 1.62 W/mK for SnTe2. Compared to 2H phase TMDs and other 2D materials, they are 
extremely low 𝜅𝜅𝐿𝐿 [19][38][39]. Furthermore, Fig. 3(b) show that group velocity of monolayer SnTe2 is smaller than monolayer 
SiTe2 since the mass of Sn atom is heavier than Si. Moreover, we know that the value of phonon lifetime is determined by the 
channels of three phonon scattering, which can be calculated by the phase space P3 theoretically [12][27], as shown in Fig. 3(c) 
and 3(d) respectively. P3 is inversely proportional to phonon lifetime and also related with strength of anharmonicity. The 
results of Fig. 3(d) show monolayer SnTe2 has strong anharmonicity and it can lead to lower 𝜅𝜅𝐿𝐿. In general, we think that there 
are in the competition between group velocity and phonon lifetime. 𝜅𝜅𝐿𝐿 of monolayer SnTe2 is lower than SiTe2 because of the 
domination of phonon lifetime. 
 
3.4 Electronic structures 
Electronic band calculations of monolayer SiTe2 and SnTe2 are presented in Fig. 4(a) and 4(c) respectively. The total DOS are 
shown in Fig. 4(b) and 4(d). As we can know, they are semimetal materials due to the overlap between the conduction band 
minimum (CBM) and the valence band maximum (VBM) [40]. According to section 3.2 and 3.3, we find monolayer SiTe2 and 
SnTe2 are much softer than most of other 1T-type monolayer materials. They also have ultralow 𝜅𝜅𝐿𝐿 . Thus, we speculate that 
they may have flexible electronic properties. We consider the changes of band structures and DOS by biaxial strain ε [41]. In 
Fig. 4, bule, red and black lines represent ε= 5%, ε= -5% and no strain respectively. Around the Fermi level, the changes of 
electronic band structures and the values of DOS are small. For example, energy changes of CBM of monolayer SiTe2 and 
SnTe2 vary from ε=0 to ε= 5%. The reduced energies are about 0.35 eV and 0.14 eV respectively. From ε=0 to ε= -5%, the 
increased energies are about 0.04 eV and 0.13 eV. Importantly, they are still semimetal materials under biaxial strain. Therefore, 
they have relatively flexible electronic properties. Combined with their soft mechanical properties in section 3.2, it is indicated 
that monolayer SiTe2 and SnTe2 may be potential flexible electrode materials. 
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Considering relatively flexible electronic properties, we then focus on exploring their electronic transport properties without 
strain. Around the Fermi level, the CBM have much higher DOS than the VBM. As a result, we can roughly estimate that 
moving the Fermi level with a certain carrier concentration could acquire a higher Seebeck coefficient, because it is proportional 
to the DOS effective mass [42][43]. 
 
3.5 Electronic transport properties 
On the basis of the electronic structures, the Boltzmann transport theory and the relaxation time approximation (RTA) can 
be used to calculate the electronic transport properties for monolayer SiTe2 and SnTe2. The electronic conductivity σ and 
electronic thermal conductivity 𝜅𝜅𝑒𝑒  are all dependent of the relaxation time τ. We focus on considering charge scattering 
mechanism for monolayer SiTe2 and SnTe2, which plays a critical role in electronic transport properties. Usually, it is reasonable 
that the carries scattering of acoustic phonon, polar optical phonon and impurities should be considered [54]. Here, we mainly 
consider acoustic and polar optical phonon scattering. 
We can estimate acoustic phonon scattering of the relaxation time τ based on deformation potential theory via the effective 
mass approximation. The formula of the carrier mobility can be expressed as 𝜇𝜇𝑎𝑎𝑐𝑐 = 𝑒𝑒ℏ3𝐶𝐶2𝐷𝐷𝑘𝑘𝐵𝐵𝑇𝑇𝑚𝑚∗𝑚𝑚𝑑𝑑𝐸𝐸𝑙𝑙2 [1][44]-[51]. Meanwhile, the 
carrier mobility can also be defined as  𝜇𝜇𝑎𝑎𝑐𝑐 = 𝑒𝑒𝜏𝜏𝑎𝑎𝑎𝑎𝑚𝑚∗ . Therefore, we can obtain the formula of the relaxation time 𝜏𝜏𝑎𝑎𝑐𝑐, 
𝜏𝜏𝑎𝑎𝑐𝑐 = ℏ3𝐶𝐶2𝐷𝐷𝑘𝑘𝐵𝐵𝑇𝑇𝑚𝑚𝑑𝑑𝐸𝐸𝑙𝑙2    (3) 
According to the formula (3), the relaxation time 𝜏𝜏𝑎𝑎𝑐𝑐 can be calculated approximately, where e, C2D, kB, T, md and El are 
the electron charge, the Planck constant, the elastic constant, the Boltzmann constant, temperature, the average effective mass 
and deformation potential constant. Here, the average effective mass can be divided into two parts. It should consider the 
degeneracy of CBM and VBM. The formula is expressed as 𝑚𝑚𝑑𝑑 = �𝑚𝑚𝛤𝛤−𝑀𝑀∗ 𝑚𝑚𝑀𝑀−𝐾𝐾∗  [1]. The deformation potential constant (El) 
is calculated by 𝐸𝐸𝑙𝑙 = 𝑑𝑑𝐸𝐸𝑒𝑒𝑑𝑑𝑒𝑒𝑒𝑒𝑑𝑑𝑑𝑑 , where El represents the energy of the band edges (VBM for the holes and CBM for the electrons) 
by uniaxial strain ε [52]. All parameters of monolayer SiTe2 and SnTe2 are listed at 300 K in Table 3. 
Furthermore, we consider polar optical phonon scattering to estimate the relaxation time 𝜏𝜏𝑜𝑜𝑜𝑜. The equation of  mobility for 
2D material is referred to 𝜇𝜇𝑜𝑜𝑜𝑜 = 4𝜋𝜋𝜀𝜀0𝜀𝜀𝑝𝑝ℏ2𝑒𝑒𝜔𝜔𝐿𝐿𝐿𝐿𝑚𝑚∗2𝑍𝑍0 [𝑇𝑇ℏ𝜔𝜔𝐿𝐿𝐿𝐿/𝑘𝑘𝐵𝐵𝑇𝑇 − 1] [53]-[55] where  1𝜀𝜀𝑝𝑝 = 1𝜀𝜀∞ − 1𝜀𝜀𝑠𝑠, 𝜀𝜀0 is the vacuum permittivity, 
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𝜀𝜀∞ and 𝜀𝜀𝑠𝑠 are the high frequency and static dielectric constant respectively. Meanwhile, m* is the effective mass of electron. 
We can obtain this value according to the formula 𝑚𝑚∗ = ℏ2(𝜕𝜕2𝐸𝐸(𝑘𝑘)
𝜕𝜕𝑘𝑘2
)−1, which can be obtained from the curvature of the band 
edge. The curvature 𝜕𝜕
2𝐸𝐸(𝑘𝑘)
𝜕𝜕𝑘𝑘2
 is calculated with squares fit to quadratic function [1][52]. Here, the values of monolayer SiTe2 
and SnTe2 are 0.068 𝑚𝑚𝑒𝑒 and 0.19 𝑚𝑚𝑒𝑒 respectively. ℏ𝜔𝜔𝐿𝐿𝐿𝐿 is polar optical phonon energy and Z0 is the crystal thickness. In 
our calculations, we use the intrinsic thickness of structures here [54]. In the limitation of high temperature, we can obtain the 
formula of the relaxation time 𝜏𝜏𝑜𝑜𝑜𝑜, 
𝜏𝜏𝑜𝑜𝑜𝑜 = 4𝜋𝜋𝜀𝜀0ℏ3𝑇𝑇2𝑘𝑘𝐵𝐵𝑇𝑇𝑚𝑚∗𝑍𝑍0 ( 1𝜀𝜀∞ − 1𝜀𝜀𝑠𝑠)−1   (4) 
Here, the 𝜀𝜀∞ and 𝜀𝜀𝑠𝑠 for monolayer SiTe2 and SnTe2 are 0.95, 11.45 and 0.97, 8.54 respectively. The results of 𝜏𝜏𝑜𝑜𝑜𝑜  for 
them utilizing the formula (4) are shown in Table 3. Thus, we can estimate the total relaxation time of electron according to the 
Matthiessen rule,  1
𝜏𝜏𝑡𝑡𝑡𝑡𝑡𝑡
= 1
𝜏𝜏𝑎𝑎𝑎𝑎
+ 1
𝜏𝜏𝑡𝑡𝑝𝑝
. In Table 3, we obtain 𝜏𝜏𝑡𝑡𝑜𝑜𝑡𝑡 of SiTe2 and SnTe2 with 1.84×10-14 s and 1.56×10-14 s at 300 
K. From the results, the polar optical phonon scattering plays an important role for carrier relaxation time τ which can 
overestimate the value of 𝜏𝜏𝑡𝑡𝑜𝑜𝑡𝑡 without considering the contributions of LO phonon. The ZT of material may be overestimated 
eventually. Based on the estimated values of 𝜏𝜏𝑡𝑡𝑜𝑜𝑡𝑡 , we next calculate all the electronic transport coefficients at different 
temperatures using the Boltzmann transport equation [28]. We also simulate changes of the carrier concentration utilizing the 
rigid band approximation (RBA) [10][56][57]. 
Fig. 5 and Fig. 6 show that all the electronic transport parameters vary with the same range of effective carrier concentration 
at 300 K, 600 K and 900 K when moving the Fermi level for monolayer SiTe2 and SnTe2 respectively. Importantly, we need to 
calculate effective carrier concentration of 2D material considering the thickness of unit cell because the default is the value of 
bulk materials in BoltzTrap codes [58][59]. For the two monolayer materials in Fig. 5(a) and Fig. 6(a), the Seebeck coefficients 
S appear the extreme values, that is about 145.25 μV/K at the effective carrier concentration of 4.53×1014 cm-2 for SiTe2 at 300 
K and 145.30 μV/K at 3.84×1014 cm-2 for SnTe2 at 900 K respectively. Both are lower than monolayer SnSe2 of 400 μV/K [10]. 
They also have large σ in Fig. 5(b) and Fig. 6(b) at three temperatures because of the conductivity of the semimetal material. 
In Fig. 5(c) and Fig. 6(c), the power factor (PF) is large at 300 K, because it also has the larger S and σ comparing to 600 K 
and 900 K. But we know the constraints between S and σ. Finally, we present results of ZT at the different temperatures based 
on above electronic and phononic transport coefficients in Fig. 5(d) and 6(d). It can be found that the maximum value of SnTe2 
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is reached by 0.71 at 900 K with the effective carrier concentration 3.91×1014 cm-2, and 0.46 at 600 K with 4.03×1014 cm-2 for 
SiTe2. 
 
4.Conclusion 
In conclusion, we have predicted and calculated 1T phase monolayer semimetal materials of SnTe2 and SiTe2, and explored 
their mechanical, the phononic and electronic transport properties based on first principles calculation combining with the 
Boltzmann transport theory. Comparing to other reported 42 1T-MX2 compounds in Ref. [7], monolayer SnTe2 is softer. 
Monolayer SiTe2 and SnTe2 have relatively flexible electronic properties under biaxial strain ε= ±5%. Combining soft 
mechanics with flexible electronic properties, these two structures may be potential flexible electrode materials. Furthermore, 
𝜅𝜅𝐿𝐿 of monolayer SiTe2 and SnTe2 are lower than monolayer SnSe2 [1][10] that are the lowest in the reported 1T-type structures. 
We attribute the reasons of ultralow 𝜅𝜅𝐿𝐿  to three aspects: the lower maximum frequency of acoustic phonon modes of 
monolayer SiTe2 and SnTe2, the lower slope of three acoustic phonon modes with the lower group velocity of monolayer SiTe2 
and SnTe2 and the heavier atomic mass of the element Te. Meanwhile, we have obtained the ultralow 𝜅𝜅𝐿𝐿 of monolayer SiTe2 
and SnTe2 of 2.27 W/mK and 1.62 W/mK respectively. We also have calculated the electronic transport properties without 
strain and consider both the acoustic and polar optical phonon scattering to estimate the electronic relaxation time. The results 
show that ZT of monolayer SiTe2 and SnTe2 can achieve 0.46 at 600 K and 0.71 at 900 K.  
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List of figure captions 
 
 
Fig. 1. Structure diagram. (a) Top view of monolayer 1T-XTe2 (X = Si, Sn). The dashed lines show the primitive cell. (b) and 
(c) are both the side view along the x and y direction respectively. 
 
 
Fig. 2. Calculated phonon spectrum and DOS of monolayer 1T-type telluride structures. Phonon dispersions are shown along 
the high symmetry points Γ-M-K-Γ in the Brillouin Zone. (a)(b) monolayer SiTe2 and (c)(d) monolayer SnTe2. 
 
 
Fig. 3. (a) Temperature dependence of lattice thermal conductivity for monolayer SiTe2 and SnTe2 from 300 K to 900 K. The 
dashed lines represent the fitting curves of 1/T. (b) Group velocity for monolayer SiTe2 and SnTe2. (c) Phonon lifetime of them 
at 300 K. (d) Phase space for three phonon scattering channels of them. 
 
 
Fig. 4. Calculated electronic band structure and the total DOS under biaxial strain ε of monolayer SiTe2 in figure (a) and (b), 
and figure (c) and (d) is monolayer SnTe2 respectively. Bule, red and black lines represent ε= 5%, ε= -5% and no strain 
respectively. The dashed green lines represent the Fermi level. Electronic band structures of them are shown along high 
symmetry points Γ, M, K, Γ. 
 
 
Fig. 5. The electronic transport parameters as a function of effective carrier concentration for moving Fermi level of monolayer 
SiTe2 at 300 K, 600 K and 900 K. (a) Seebeck coefficient. (b) electronic conductivity. (c) the power factor PF. (d) the figure 
of merit ZT. 
 
 
Fig. 6. The electronic transport parameters as a function of effective carrier concentration for moving Fermi level of monolayer 
SnTe2 at 300 K, 600 K and 900 K. (a) Seebeck coefficient. (b) electronic conductivity. (c) the power factor PF. (d) the figure 
of merit ZT. 
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Tables 
 
 
Table 1. Optimized structure information of 1T-XTe2 (X = Si, Sn). Lattice constant, the bond length of X-Te, the bond angle 
of X-Te-X. d represents the thickness of structure. The intrinsic thickness of structures are shown outside the parentheses. 
Values in the parentheses are the vdW effective thickness of structures. 𝐸𝐸𝑐𝑐 is the cohesive energy in the unit cell. 
 
 lattice constant 
(Å) 
bond length 
(Å) 
Bond angle 
(°) Thickness d (Å) 𝐸𝐸𝑐𝑐 (eV) 
SiTe2 3.78 2.73 87.52 3.29 (7.77) 15.24 
SnTe2 4.10 2.99 86.82 3.63 (8.11) 13.83 
 
 
Table 2. The elastic modulus tensor 𝐶𝐶𝑖𝑖𝑖𝑖  (GPa) are shown of monolayer SiTe2 and SnTe2. 𝐸𝐸𝑥𝑥 and 𝐸𝐸𝑦𝑦 are the in-plane Young's 
modulus, also called in-plane stiffness. 𝜐𝜐𝑥𝑥𝑦𝑦 and 𝜐𝜐𝑦𝑦𝑥𝑥 are the Poisson's ratio in the x and y directions. 
 
 𝐶𝐶11 (𝐶𝐶22) 𝐶𝐶12 (𝐶𝐶21) 𝐶𝐶66  𝐸𝐸𝑥𝑥  (𝑁𝑁/𝑚𝑚) 𝐸𝐸𝑦𝑦  (𝑁𝑁/𝑚𝑚) 𝜐𝜐𝑥𝑥𝑦𝑦 𝜐𝜐𝑦𝑦𝑥𝑥 
 
SiTe2 
 
 
90.99 (90.99) 
 
63.68 (63.68) 
 
1.02 
  
21.16 
 
21.16 
 
0.77 
 
0.77 
SnTe2 158.66 (158.66) 122.33 (122.33) 1.12  16.80 16.80 0.70 0.70 
 
 
 
 
Table 3. The elastic modulus (𝐶𝐶2𝐷𝐷), deformation potential constant (𝐸𝐸𝑙𝑙), the effective mass (𝑚𝑚𝛤𝛤−𝑀𝑀 ∗ ,𝑚𝑚𝑀𝑀−𝐾𝐾∗ ), the mobility (μ) 
and relaxtion time 𝜏𝜏𝑎𝑎𝑐𝑐 for acoustic phonon scattering, 𝜏𝜏𝑜𝑜𝑜𝑜 for polar optical phonon scattering and 𝜏𝜏𝑡𝑡𝑜𝑜𝑡𝑡 is the total relaxtion 
time for monolayer SiTe2 and SnTe2 at 300 K. 𝑚𝑚𝑒𝑒 is the electron mass. 
 
 𝐶𝐶2𝐷𝐷  (𝐽𝐽/𝑚𝑚2)  𝐸𝐸𝑙𝑙   (eV) 𝑚𝑚𝛤𝛤−𝑀𝑀∗  (𝑚𝑚𝑒𝑒) 𝑚𝑚𝑀𝑀−𝐾𝐾∗  (𝑚𝑚𝑒𝑒) 𝜇𝜇𝑎𝑎𝑐𝑐 (𝑐𝑐𝑚𝑚2/𝑉𝑉𝑉𝑉) 𝜏𝜏𝑎𝑎𝑐𝑐   (10−14𝑉𝑉) 𝜏𝜏𝑜𝑜𝑜𝑜   (10−14𝑉𝑉) 𝜏𝜏𝑡𝑡𝑜𝑜𝑡𝑡 (10−14𝑉𝑉) 
 
SiTe2 
 
 
52.20 
 
6.98 
 
1.56 
 
-0.16 
 
692.17 
 
2.60 
 
6.26 
 
1.84 
SnTe2 32.98 4.73 0.46 -0.21 535.63 5.79 2.14 1.56 
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Highlights: 
• Mechanical, electronic and thermoelectric properties of monolayer 1T phase semimetal SiTe2 and 
SnTe2 is firstly studied. 
• Much smaller in-plane stiffness and ultralow thermal conductivity of monolayer SiTe2 and SnTe2 are 
obtained and physically explained.  
• The two structures show relatively flexible electronic properties under large biaxial strain ε= ±5%, 
indicating potentially flexible electrode materials. 
• We have clearly shown and discussed that both acoustic and polar optical phonon scattering play a 
critical role in the relaxation time of electronic properties in both 2D semimetal SiTe2 and SnTe2.  
 
